where y(t) = x (t), and xm = x (0) [m] .
It is shown that the derived expression is identical to the expression of the Prony's method fP = 1 2πT cos
· · · · · · · · · · · · · · · · · · · · · · (6)
Moreover, five strict expressions of instantaneous frequency are derived by the operator-applying method as 
· · · · · · · · · · · · · · · · · · · · · · · · (11)
where
displacement, velocity, and acceleration, respectively. Suffix r, c, and f stand for reverse, center, and forward, respectively. And the functions sinx(x) = x sin(x), tanx(x) = x tan(x) are introduced. Numerical results are shown in Tables 1, and 2 . All the expressions are not under constraint of the uncertainty principle, and one of them (fE) is not under constraint of the sampling theorem. This study would be the first step toward time-differential domain v.s. time-frequency domain structure in spectrum analysis. 3 . 000 000 000 000 000 fD = 3 . 000 000 000 000 000 fE = 3 . 000 000 000 000 001 expression estimated frequency [Hz] fG = 5 1 . 000 000 000 000 000 fK = 4 9 . 000 000 000 000 050 fP = 4 9 . 000 000 000 000 007 fA = 4 8 . 999 999 999 998 472 fB = 4 9 . 000 000 000 000 050 fC = 5 0 . 000 000 000 000 000 fD = 0 . 000 000 000 000 003 fE = 5 1 . 000 000 000 000 000 In this paper, instantaneous frequency expressions are mathematically derived, where each of the expressions is a function of sine-wave samples in time-differential domain space. At first, we introduce differential operator, divided finite difference operator, shifting operator, and mean operator. Then, we derive a strict expression of instantaneous frequency by applying the operators to the governing equation, which generates sine-wave. It is shown that the derived expression is identical to the Prony's method. Next, the other five expressions of instantaneous frequency are derived by the operator-applying method. Numerical results show that precise instantaneous frequencies are calculated by using the expressions. All the expressions are not under constraint of the uncertainty principle, and one of them is not under constraint of the sampling theorem.
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